The purpose of the study is to resolve the problem on making production planning of the multi-product, multi-stage and small-batch products when information is uncertain. In this paper, the linear programming model of grey parameters is constructed. Compared with the traditional production planning optimization method, the effectiveness of the production planning is proved. The results will give a range of decision variables, and help decision makers arranging production planning to deal with unavoidable information uncertainty.
Introduction
The multi-stage multi-product production plan is to formulate corresponding production strategies relying on the actual production. Early research on production planning issues was conducted in a defined environment, with all parameters assumed to be deterministic. The lack of flexibility in static optimization methods makes it difficult to adapt to the uncertainties of many data in actual production processes, such as uncertainty in production costs, inventory levels, and labor changes (Song, & Hu, 2015) . Considering the uncertainty of production information, it is more helpful to develop a production plan that meets actual production requirements. Recent years, the research on uncertain problems has attracted the attention. In the production process, there are many uncertain factors that affect the production process. Currently dealing with uncertain optimization problems, stochastic optimization methods and fuzzy set theory are often used to describe uncertainty. The stochastic optimization design method is extended by Rubinstein on the basis of cross entropy (Birge, & Louveaux, 2011) (Sun, 2017 (Afzali, 2016) . Khalilidamghani et al. (2015) used multi-product multi-period multi-objective total production planning problem to model the mixed integer programming and fuzzy combination, and solved the model by fuzzy target programming method (Khalilidamghani, 2015) . Finally, it was verified by a practical industrial case. In general, the above methods need to collect a large amount of historical data, but in the actual industrial production process, a large amount of reliable production data is difficult to obtain (Qiang, 2016) . In summary, the following research can be done on the production plan: A) In the multi-product multi-stage multi-production planning model, when the probability distribution function of uncertain parameters is unknown, there are few studies on using the interval gray number to solve the production planning problem under the uncertain environment. B) From the raw materials to the delivery of the product, only contain one production plan, which covers a wide range and is not conducive to flexible mobility. Moreover, there are many uncertainties in the production process, and it is difficult to collect enough available statistics in the actual production plan. In order to solve the above shortcomings and more objectively describe the uncertainty in the environment, reduce the impact of uncertain parameter fluctuations in all future situations, and accurately express its impact on production planning decisions, the paper studies the production plan for each production stage. The interval gray number is used to characterize the uncertainty parameters. By dividing the production process into phases and studying the production plans for each phase, and then comparing them to the original production planning cycle, the production planning cycle is optimized by designing and building a production planning model that meets the actual target characteristics. (Nakahara, 1992 (1) 
. It is mainly used to study the probability distributions obeyed by uncertain variables, such as Poisson distribution, normal distribution and conditional distribution. Scholars at home and abroad have conducted detailed research on the application of stochastic optimization. Sun G Q constructed a robust stochastic optimization model for the virtual power plant of electric vehicle based on the randomness and uncertainty of the number of electric vehicles, and proved the importance of considering the influence of uncertainty in the optimal scheduling model
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In the above objective function, Z1 is the production cost;Z2 indicates the sum of labor costs; Z3 refers to the Semi-finished product and product inventory cost of the products in each production stage; in order to ensure the delivery of orders on time, in order to avoid product delay, the designed penalty fee Z4. (b)Objective function 2: Market satisfaction (product on-time delivery rate)
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(b) Constraints on Production material Material balance is as follows eq. (8).
For the production stage of ∀i ∈ W, j∈ Φ (i) can be used, and the subsequent production stage of the material output using the production stage can be represented by ′ ∈ ( , ), which also describes the production during production path. In the multi-product multi-stage production process, some work-in-progress is the final product for some orders, so the variable indicates the inventory quantity of the WIP as a directly deliverable product, and the eq. (9) limits the material as the subsequent production stage. Work in products flow into product inventory. 
(d) Constraints on production capacity
In order to ensure the safety and stability limits the production capacity by limiting the daily running time of the equipment in each production stage.
(e) Constraints on inventory 
And,
The above LPGP model cannot be directly solved by the traditional optimization method, and the uncertain objective function and the constraint need to be transformed into the corresponding equivalent deterministic equations respectively.
B. Uncertain objective function transformation The parameter in the objective function is the interval gray number, Ma L H[6] summarized five common order relationships between two interval numbers. (a)
 , () U bb ,≤ LU represents a decision maker's preference for a higher gray limit and a higher limit for an interval gray number. 
In equation (20), β represents the degree of preference of the decision maker for the risk of the interval gray number; ( ) indicates that the uncertainty parameter in the function takes the lower limit of the gray number of the interval, and ( ) represents the upper limit of the gray number of the interval in the uncertain parameter of the function. The second objective function (21) is equivalent to minimizing the variance of the uncertain objective function and reducing the range of the objective function.
C. Uncertain constraints transformation Comparing the interval gray numbers with the possibility of interval order relations, many achievements have been made in the possibility study, and many possible construction methods are proposed. Nakahara et al. proposed a probability formula based on fuzzy sets. Kun du proposed a probability formula based on the transitivity of fuzzy numbers [7]. Liu S F defined the probability formula of the interval gray number according to the probability formula of interval number comparison (S Liu, Y. 2011).
Using the above conversion method, the objective function and the constraint conditions of the production plan model constructed above are equivalently converted.
Equivalent Transformation According to the decision maker's preference and the variance of the uncertain objective function uses the interval gray-order order relationship ≤ to convert the original uncertainty objective function into certainty.
In the above-mentioned uncertain LPGP production planning model, the constraints eq. (8) (25) and (26) into deterministic forms. Objective function 1 conversion is as follows:
s.t.
In the above equation, constraint equation (7) 
The smaller the value of Y will cater to the decision maker's preference.in the actual production process, not only should the cost be controlled within a certain range, but also should considered the market satisfaction. The paper uses the delayed delivery rate of each product to measure the market satisfaction. It is known from equation (5) that the lower delay delivery cost, the greater the customer satisfaction in the market.
Case Study
A. Case Description
The case was extracted from the production process of parts of an airborne equipment company. The production process combines make to order and make to stock methods to make production plans, that is produced products rely on orders. The company is looking for an effective way to optimize production planning within the limits of existing resources and capabilities. Assume that the company will complete the production task of 3 (M=3) products consisting of 5 (N=5) consecutive production planning stages in one quarter. Assume that the series of products of the 6SL3210-5BB17-5UV0 in the initial stage of production are 230V-A, 230V-B, and 230V-C, respectively, 11 = 200, 21 
